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A. Ground A 

Claims 1-5, 9, 10 and 29 are rejected based on the cited reference 1 
under Section 2 of Article 29 of the Japanese Patent law. 

Claims 6 and 7 are rejected based on the cited reference 1 under Section 
2 of Article 29 of the Japanese Patent law. 

Claim 8 is rejected based on the cited reference 1 under Section 2 of 
Article 29 of the Japanese Patent law. 

Claim 1 1 is rejected based on the cited reference 1 under Section 2 of 
Article 29 of the Japanese Patent law. 

Claims 12 and 13 are rejected based on the cited reference 1 under 
Section 2 of Article 29 of the Japanese Patent law. 

Claim 16 is rejected based on the cited references 1 and 2 under Section 
2 of Article 29 of the Japanese Patent law. 

Claim 17 is rejected based on the cited references 1 and 3 under Section 
2 of Article 29 of the Japanese Patent law. 

Claims 18 and 19 are rejected based on the cited references 1 and 4 
under Section 2 of Article 29 of the Japanese Patent law. 

Claim 20 is rejected based on the cited references 1, 3 and 4 under 
Section 2 of Article 29 of the Japanese Patent law. 

Claim 2 1 is rejected based on the cited references 1-4 under Section 2 of 
Article 29 of the Japanese Patent law. 

Claim 23 is rejected based on the cited references 1-5 under Section 2 of 
Article 29 of the Japanese Patent law. 

Claims 24-28 are rejected based on the cited references 1-5 under 
Section 2 of Article 29 of the Japanese Patent law. 

Cited References: 

1. Japanese patent examined publication No. 53-30977 

2. Japanese patent examined publication No. 7-44492 

3. Japanese patent laid-open publication No. 9-130132 

4. Japanese patent laid-open publication No. 1 1-136025 

5. Japanese patent publication No. 3206825 

B. Ground B. 

Claim 32 is rejected under Section 6-2 of Article 36 of the Japanese 
Patent Law. 
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English Translation of 

Japanese Patent Examined Publication No. 53-30977 

Application No. 47-261 

Filing Date: December 29, 1971 

Laid-open publication No. 48-73050 

Publication date: October 2, 1973 

Inventors: Hideo Ito et al. 

Applicant: Matsushita Electric Industrial Co., Ltd. 

Title of the Invention 

Antenna for use in radio set 

Claim 

1 . An antenna for use in radio set comprising: 

a loop antenna including a dividing element for impedance 
matching and a tuning capacitance inside or outside of a side surface of 
a housing of a radio set that can be used in relative vicinity or close 
vicinity of a human body to constitute a closed loop; and 

a ground plate or a ground- side wiring portion of the radio set 
arranged perpendicular to the surface including the loop antenna, 

wherein an end of the dividing element is connected to a radio 
set input and another end thereof is connected to a ground portion, and 
the antenna and an imbalance system formed by the antenna, the 
ground portion and a feeder line are used so that transmission and 
reception is allowed with respect to two polarized waves orthogonal to 
each other. 
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Detailed Description of the Invention 

The present invention relates to an antenna for use in radio set 
mounted in relative vicinity or close vicinity of a human body when 
used, and a main object thereof is to provide an antenna for use in the 
radio set capable of controlling a directional dependence of a sensitivity 
to a reduced level when the radio set is mounted or carried and having 
a sufficient sensitivity even when used away from the human body by 
arranging both of an electric field and a magnetic field of an 
electromagnetic wave to have a sensitivity, and this leads to 
improvement in the sensitivity without being largely affected by the 
human body, and to further comparative reduction of the directivity to 
solve any inconvenience generated when a conventional compact radio 
set of this type is used. 

As an antenna in the compact radio set carried or mounted in 
the close vicinity of the human body when used, an ordinary 
1/4- wavelength whip antenna, a built-in antenna of dipole type or a 
ferrite antenna is generally used. 

The 1/4-wavelength whip antenna and the dipole type antenna 
are of an electric-field type, and these antennas were very 
disadvantageous in terms of practical use in that the sensitivity is 
significantly deteriorated because the electric field drastically drops 
when used in the close vicinity of the human body, and the sensitivity is 
unfavorably changed in a wide range due to a large influence from the 
human body. The explained disadvantage can be verified logically and 
experimentally. 
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Fig. 1 shows an exemplary measurement of the sensitivity 
variation relative to a distance from the human body. In the drawing, 
it is known from a curved line a that the sensitivity largely deteriorates 
and varies with the sensitivity of the dipole type antenna which employs 
the electric field only and the distance equal to or below a certain 
dimension (in the vicinity of dotted line in the drawing). 

A curved line b represents the sensitivity when only the 
magnetic field is used, which shows that the sensitivity dramatically 
drops when the antenna is located in the close vicinity of the human 
body, while attaining a good sensitivity and controlling the variation to 
be small when the distance corresponds to a dimension generally 
generated when the antenna is mounted on an outfit in comparison to 
the dotted-line part in the antenna of the electric-field type. 

The ferrite antenna, which is of the magnetic-field type and has 
the sensitivity represented by the curved line b, is advantageous in 
comparison to the aforementioned two antennas of the electric-field type. 
The magnetic field penetrates through a loop to be excited with respect 
to a vertically polarized component when a ferrite antenna 1 is arranged 
as shown in Fig. 2a, while the magnetic field is in parallel with the loop 
not to be excited with respect to a horizontally polarized component 
when the antenna is horizontally laid as shown in Fig. 2b, as a result of 
which the sensitivity is remarkably deteriorated on the relevant plane. 
Further, the ferrite antenna was disadvantageous in that materials were 
increasingly lost as a frequency was higher and a sufficient size could 
not be obtained due to restrictions on the size and weight, resulting in a 
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failure to maintain a favorable sensitivity. In Fig. 2, a reference 
numeral 2 denotes an antenna coil, and a reference numeral 3 denotes 
a circuit portion. The present invention is designed to eliminate the 
foregoing disadvantages in the conventional technology. Hereinafter, 
an embodiment of the invention is described in detail with reference to 
Fig. 3. 

In the drawing, a reference symbol A denotes a radio set housing. 
A loop antenna 2 is provided on a side surface 1 of the housing, and a 
ground plate 6 or a ground- side wiring portion of the radio set is 
provided to be positioned on a surface perpendicular the surface 
including the loop antenna 2. Then, the loop antenna 2 is resonated 
with a tuning capacitance 3 and a resonance impedance of the loop 
antenna 2 is divided, that is tapped down, by means of an inducing and 
dividing element 4 constituted by connecting a feeder line 5a to a part of 
the loop antenna 2, and matched with an input impedance of radio set 
input terminals a - b. Further, a line 5a of the feeder line 5 having the 
length 1 for connecting the loop antenna 2 and the radio set input is 
connected to an end of the radio set input, and another line 5b of the 
feeder line 5 is connected to the ground portion or the ground- side 
wiring portion 6 of the radio set. 

Fig. 4 shows the foregoing constitution expressed in an 
equivalent manner. In the drawing, a voltage V is a voltage generated 
between the radio set input terminals a - b. Further, the equivalent 
circuit shown in Fig. 4 can be broken down into a circuit of a 
zero-phase system contributing to radiation and a circuit of a 
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positive-phase system not contributing to the radiation. Fig. 5b shows 
the circuits of the zero-phase system, and Fig. 5b shows the circuit of 
the positive-phase system. 

In Fig. 3, a voltage Eu generated by the zero-phase system and a 
voltage Eb generated by the positive-phase system are concurrently 
applied to the radio set input terminals a - b, which can be interpreted 
as the parallel connection of the two antennas of the zero-phase system 
and positive-phase system in terms of the radio set input terminals a - 
b. However, a diameter of the antenna element having the length 1 in 
the zero-phase system is determined when thicknesses of the feeder 
lines 5a and 5b and a distance therebetween are determined. Provided 
that the thicknesses of the feeder lines 5a and 5b are equal to each 
other, a relationship between the voltage V in the circuit of Fig. 4 and 
the voltages Eu and Eb is represented by V = Eu + 1/2 Eb, and a 
relationship between a current I in the circuit of Fig. 4 in which the 
voltage V is generated and currents Iu and lb in the circuits of the 
respective systems whose generated voltages are Eu and Eb can be 
represented by I = 1/2 Iu + lb. 

The circuit of the zero-phase system shown in Fig. 5a is an 
antenna for receiving the electric field, while the circuit of the 
positive-phase system shown in Fig. 5b is an antenna for receiving the 
magnetic field. 

Below is described such a case that a vertically polarized wave is 
received via the antenna according to the present invention. The 
magnetic field of the vertically polarized component is horizontal, and a 



magnetic flux thereof penetrates the side-surface loop. Therefore, the 
antenna of the positive-phase system shown in Fig. 5b is excited in this 
case to allow the reception. In the case of receiving a horizontally 
polarized wave, the antenna of the zero-phase system shown in Fig. 5a, 
that is the dipole antenna having the structure in which the loop 
antenna is top-loaded at edges of the ground plate portion of the radio 
set and the feeder line, is excited to allow the reception. 

Further, when the radio set is horizontally laid and used as 
shown in Fig. 6, the dipole antenna of the zero-phase system is excited 
with respect to the vertical polarization, while the loop antenna of the 
positive-phase system is excited with respect to the horizontal 
polarization, which respectively allow the reception. 

More specifically, the loop antenna according to the present 
invention has the sensitivity for both of the electric field and the 
magnetic field of the electromagnetic wave and is capable of the 
reception irrespective of whether or not the received wave is the 
vertically polarized wave or the horizontally polarized wave and a state 
in which the radio set is used, and significantly advantageous in 
comparison to the conventional ferrite core antenna. According to an 
experimental result, a difference of the sensitivity between the 
horizontal and vertical received polarized waves is approximately 19dB 
in the ferrite core antenna, while the difference is approximately 4dB in 
the loop antenna according to the present invention, which generated a 
significant improvement by approximately 15 dB. 

Therefore, the loop antenna according to the present invention is 
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quite advantageous when the antenna has to be used in such an 
environment as an indoor space where the wave is multiple-reflected 
resulting in the disturbed polarization plane and the resultant 
horizontal and vertically polarized components are both obtained. 

Further, the loop antenna according to the present invention can 
attain a larger loop area in comparison to the conventional ferrite core 
antenna and there is no deterioration in Q which is generated in the 
ferrite core antenna. In particular, the loop antenna according to the 
present invention can achieve a high sensitivity in a compact 
high-frequency radio set. 

Further, the loop antenna according to the present invention is 
of the magnetic-field type antenna in a manner similar to that of the 
conventional ferrite core antenna, and is very advantageous in terms of 
practical use in that undergoes a smaller influence and a smaller degree 
of variability resulting from the human body when the antenna is 
adopted in the radio set used in the relative vicinity or close vicinity of 
the human body in comparison to the antenna of the electric-field type. 

When the present invention is implemented, a material used for 
the cable forming the loop antenna provided on the side surface of the 
housing A of the radio set is preferably a metal material having a high 
conductivity such as silver and copper. Further, as the material, a 
stranded cable is preferred to a single cable, and a thick cable or a 
plate-shape cable is preferred to a thin line because the obtained Q of 
the loop antenna of the positive- phase system is higher, which favorably 
results in a high sensitivity. 
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Next, other embodiments of the present invention are described 
referring to Figs. 7 and 8. 

In the case of a loop antenna shown in Fig. 7, in order to 
increase Q of the loop antenna as the positive-phase system antenna 
and also increase the top load of the zero-phase system antenna so as 
to attain a high sensitivity, both edges of the loop antenna 2 are bent so 
that the loop antenna extends from a side surface of the housing A of 
the radio set through to another side surface adjacent to and facing the 
one side surface. Further, as shown in Fig. 8, loop antennas 2' and 2" 
may be independently provided on two side surfaces of the housing A of 
the radio set facing each other and connected in parallel to each other 
so that a voltage induced by antenna terminals a and b is the same and 
the input impedance thereof is halved so as to double the antenna 
sensitivity in the positive-phase system antenna, and the top load is 
connected to the both ends so as to improve the sensitivity in the 
zero-phase system antenna. 

As thus far described, according to the present invention, the 
loop antenna is provided inside or outside of the one side surface of the 
housing of the radio set that can be used in the relative vicinity or close 
vicinity of the human body, and the loop antenna is resonated with the 
tuning capacitance with respect to the impedance including the ground 
plate portion of the radio set, and further, the resonance impedance of 
the loop antenna is capacitance-divided by the capacitance element or 
tapped down by the inducing element and matched with the input 
impedance of the radio set which is lower than the antenna resonance 
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impedance. Further, the one end of the loop antenna is connected to 
the radio set input, while the another end thereof is connected to the 
ground side, allowing the transmission and reception in either of the 
two polarized waves, which are the horizontally polarized wave and 
vertically polarized wave, orthogonal to each other by the loop antenna 
and the imbalance system formed by the loop antenna, ground portion 
and feeder line. As a result, the loop antenna has the sensitivity for 
the both components of the electric field of the electromagnetic wave, 
and the reception is thereby allowed irrespective of whether the received 
wave is the vertically polarized wave or the horizontally polarized wave 
and the state in which the radio set is used. 

Further, the antenna for use in radio set capable of reducing any 
influence from the human body and having a practical utility can be 
provided. 

Brief Description of the Drawings 

Fig. 1 is a characteristic chart showing a sensitivity of a 
conventional antenna for use in a radio set. 

Fig. 2a and 2b are charts showing a relationship in configuration 
in the conventional antenna. 

Fig. 3 is a diagram illustrating a configuration of an antenna for 
use in the radio set according to an embodiment of the present 
invention. 

Figs. 4, 5a and 5b are equivalent circuit diagrams of the antenna 
for use in the radio set. 

Fig. 6 shows a state of the antenna for use in the radio set as 
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shown in Fig. 3 when laid in a horizontal state. 

Figs. 7 and 8 are diagrams illustrating configurations of an 
antenna for use in the radio set according to other embodiments of the 
present invention. 

1 side surface 

2 loop antenna 

3 tuning capacitance 

4 dividing element 

5 feeder line 

6 ground- side wiring portion 
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